I. INTRODUCTION
Online learning has become a realistic and significant component of higher education and shown a fast and steady trend of growth. The latest report on tracking online education in the United States shows that over 7 million college students were taking at least one online course (with at least 80% of course content delivered online) in fall 2012 (reaching an all-time high of 33.5% of college student population) and that a majority of all college students will be taking at least one online course in five years [1] . With the growing prevalence of online learning, assessment of online learning has been a significant research area to maintain and improve the quality and credibility of online education [2] , [3] . Assessment is an ongoing process of evaluating and improving student learning, which involves setting clear and explicit performance expectations, criteria, and quality standards for students [2] , [4] , [5] . Assessment rubrics are the typical instrument for communicating measurable performance expectations and standards and evaluation criteria to students, and the effectiveness of rubrics is critical to the evaluation and improvement of student learning. This paper focuses on the study of effectiveness of the assessment rubric for online asynchronous discussions in a graduate Cybersecurity technology program environment.
Asynchronous online discussions (AODs) are a common method of online learning [3] , [6] . This form of e-learning, compared with synchronous e-learning, provides the benefits of not only greater schedule flexibility and opportunity for student participation but also more time for serious reflective and cognitive participation in discussing more complex topics [7] . Assessment of students' learning in AODs is important in motivating students' collaborative online learning and improving their cognitive and critical thinking learning outcomes [2] , [3] . There has been considerable research on the assessment of AODs primarily based on the Community of Inquiry model, which states that online learning process occurs in a community of interaction among the three core elements of Cognitive Presence (knowledge exchange), Social Presence (encouraging collaboration), and Teaching Presence (instructional management) [8] , [9] . In terms of learning outcomes, online discussions should enable learners to comprehend, critique, and construct knowledge [10] . The research question for this paper is if an assessment rubric can help to build and maintain a constructive Community of Inquiry type of online asynchronous discussion environment to enhance online learning outcomes.
It is quite challenging for instructors to create effective online assessment instrument and grading rubrics, especially for assessing AODs for graduate level students [11] , [12] . The goal of this study is to analyze and discuss the assessment rubric for AODs used at a US university graduate program and its contributions to the core elements of the Community of Inquiry and the student learning outcomes. Section II of the paper reviews relevant theoretical literature. Section III proposes and explains the assessment model on which the assessment rubric for AODs is based. Section IV discusses the details of the assessment rubric and research methodology. Section V presents and discusses the data, observations, and findings. Section VI concludes the paper with suggestions for further study.
II. LITERATURE REVIEW
Understanding the goals and learning outcomes and the core elements of the online learning environment is critical to the discussion of assessment of learning in asynchronous online discussions (AODs). The following section of the paper reviews relevant theories and models on the educational goals, objectives, and outcomes and on the key elements of online learning community.
A. General Learning Goals and Objectives
Online learning in the form of AODs is a modern technology-assisted form of education and shares the common goals of traditional education and general learning objectives and outcomes. Bloom's taxonomy of educational objectives is the best known scheme for classifying common educational goals, objectives, and standards. Learning is a process of cognitive development. Bloom's original taxonomy of cognitive development process categorizes six general levels of learning outcomes or objectives in the cognitive domain or hierarchy, from the lowest level of recall of knowledge or information, through more and more complex and abstract levels of comprehension, application, analysis, and synthesis, to the highest level of evaluation, which is the ability to make quantitative and qualitative judgment on the value of material or methods for a given purpose based on certain criteria [13] .
Krathwohl's taxonomy of affective domain was added to Bloom's taxonomy of cognitive domain. Affective domain recognizes the role of human interest, behavior, attitude, and emotional response in the learning process. Krathwohl's affective taxonomy has five increasing levels of internalization objectives from the lowest level of receiving (simple awareness of or sensitivity to stimuli), through responding (active participation and reaction), valuing (acceptance of values), organization (building internally consistent value system), to the highest level of characterization by value set, which is to manage and control one's behavior according to a consistent value system [14] .
In addition, Bloom's original taxonomy of educational objectives is further revised to combine the knowledge dimension with the cognitive process dimension and replace the level of synthesizing with creating, which is the new highest level of learning [15] . The revised Bloom's taxonomy defines the objective of "creating" as "putting elements together to form a novel, coherent whole or make a new product". However, it is emphasized in the revised Bloom's taxonomy that the categorization of learning objectives in using the taxonomy may vary with different assessment items and assessment tasks in different fields of study [15] .
B. Learning Outcomes for Online Discussions
There are several influential research models regarding the learning outcomes for online discussions, which may affect the assessment of asynchronous online discussions (AODs). Henri's cognitive model emphasizes the development of reasoning and problem solving skills in online discussions [16] . The reasoning skills in Henri's model range from elementary clarification to in-depth clarification, inference, judgment, and strategies. These cognitive development levels are close to the analysis, synthesis, and evaluation levels in the cognitive development domain of Bloom's original taxonomy [13] . The problem solving skills in Henri's model include problem identification, definition, exploration (of proposals), applicability (evaluation of alternative solutions), and integration (proposed actions or decisions). However, Henri's model does not emphasize creation of new knowledge, and the problem solving skills emphasize problem driven scenarios while ignoring the importance of collaborative learning in online discussions.
The Interaction Analysis Model (IAM) for examining social construction of knowledge recognizes the importance of exchanges and collaboration in online discussions. There are five phases of knowledge construction in the IAM model: 1) sharing or comparing information, 2) exploration of dissonance or inconsistency, 3) negotiation of meaning or co-construction of knowledge, 4) testing or modification of proposed synthesis, and 5) agreement or application of newly-constructed meaning [17] . The IAM model highlights the importance of interaction in knowledge construction in online discussions. However, the model does not address the important role of reflection in the development of critical thinking as recognized by some other research [2] , [18] .
The Productive Online Discussion Model proposes a comprehensive framework for online discussions with clear outcomes for online learning [10] . There are four dispositions in this model: 1) discuss to comprehend, 2) discuss to critique, 3) discuss to construct knowledge, and 4) discuss to share improved understanding. The definitions and corresponding learner actions and learning outcomes of the dispositions are given in Table I below. The Productive Online Discussion Model is heavily influenced by the Bloom's Taxonomy of cognitive process. However, the model does not address affective factors, such as the affective role of instructor presence in successful online discussions [19] .
The content analysis model for assessing students' cognitive learning in asynchronous online discussions employs a grounded theory approach to construct a content analysis model based on qualitative data [3] . This content analysis model, like most models reviewed above, shows influence from the Bloom's Taxonomy of cognitive process. However, these models do not address the importance of affective factors in online learning and elements of an effective online community for constructive learning.
C. Learning Community for Online Discussions
Student learning achievement and motivation in online e-learning can be as good as or better than those in traditional learning environment [20] . Building a motivating and engaging online community in asynchronous online discussions is critical for successful collaborative online learning and development of critical thinking and achievement of higher learning [2] , [21] , [22] . What elements constitute an effective online learning environment? The Community of Inquiry model proposes a conceptual framework with interacting elements for a successful higher education experience in a computer-mediated communication or online environment [8] , [9] . The three core elements in the Community of Inquiry model are cognitive presence, social presence, and teaching presence. Table II below describes the categories and indicators of the elements of the model. The cognitive presence element in the Community of Inquiry model encourages higher-order thinking skills and collaborative work through online communication. The most important contribution of the model is the element of social presence which interacts with cognitive presence and teaching presence and helps to create a constructive online environment to motivate collaborative learning. "Cognitive presence by itself is not sufficient to sustain a critical community of learners. Such an educational community is nurtured within the broader social and emotional environment of the communicative transaction" [8] . The social presence element underscores the importance of affective factors, such as the quality of the tone of the messages, which should be "questioning but engaging, expressive but responsive, skeptical but respectful, and challenging but supportive" [8] . Such affective elements, combined with effective cognitive presence and teaching presence and methods, will make online learning experience successful, enjoyable, and sustainable. Accordingly, students' social presence, along with cognitive presence, should be incorporated into the assessment of online learning activities as well. However, the Community of Inquiry model does not emphasize the important role of assessment in motivating students' learning in the online environment. This paper will attempt to address this limitation.
III. PROPOSED ONLINE LEARNING COMMUNITY MODEL
Based on the review of the relevant models for online learning, this paper proposes a new Online Learning Community Model to guide the assessment of asynchronous online discussions (AODs). Fig. 1 below shows proposed model and the interacting elements of an effective online learning community. The proposed model is adapted from the Community of Inquiry model [8] , [9] . Assessment Presence element is an ongoing process of evaluating and improving student learning using explicit and measurable performance expectations, criteria, and quality standards [4] . Assessment Presence is characterized by the activities of evaluation and grading with constructive feedback and recommendations. The important indicators of assessment are rubrics with expectations, rules, protocols, and scoring and ranking criteria [23] . Assessment Presence is an integral component of the online learning community that interacts with and affects the effectiveness of other educational elements and student learning. Assessment is directly linked to student learning because assessment results, such as grades and feedback, directly reflect students' achievement or proficiency in a certain area of learning. The assessment results, including reinforcements of achievements and recommendations for improvement, are used to further improve students' learning [24] .
Assessment Presence affects the Cognitive Presence element. Assessment questions and content can be used to signal to students what knowledge skills are valued in a course, and students will respond to the signal by focusing their attention and effort to achieve these skills [2] . For example, online discussion questions with assessment on analytical and critical skills in the cognitive domain will drive students to value these skills and try to achieve these skills. Students' cognitive skill development will in turn affect their assessment results.
Assessment Presence also guides Teaching Presence by setting clear learning outcomes of expected knowledge, skills, and competencies for each course or learning unit [24] . Instructional designs and activities will center on the expected learning outcomes for assessment. Instructor's facilitation of online discussions, for example, should give priority to the topics and activities with the expected knowledge and skills for each unit defined in the assessment criteria or rubric. Quality and effective Teaching Presence should improve students' learning and their assessment results.
Finally, Assessment Presence can have a strong impact on Social Presence by enhancing students' motivation for collaborative behavior in the online community. Specific assessment criteria for online discussions can be used to promote active and collaborative behaviors and shape the quality of online learning [25] . Assessment rubrics for online discussions with consideration of affective and socio-emotional factors, such as respectfulness, empathy, and self-control, will contribute to the construction of an online learning environment to motivate students toward positive social interactions and active and productive engagement in learning [26] . A positive and cooperative online learning community will be conducive to student learning, which will lead to improved assessment results.
IV. METHODOLOGY AND INSTRUMENT
To test the role of Assessment Presence for the proposed Online Learning Community Model, this study observes and examines the assessment rubric, activities, and results for asynchronous online discussions (AODs) used for a graduate level Cybersecurity technology course delivered online in three different semesters from 2012 to 2013 at University of Maryland University College in northeastern United States. The course is CSEC650 "Cyber Crime Investigation and Digital Forensics," which is an in-depth study of the theory and practice of digital forensics and covers the topics of identification, acquisition, authentication, preservation, examination, analysis, and presentation of evidence in the areas of computer forensics, network forensics, cell phone forensics, and other types of digital forensics [27] . The learning outcomes focus on understanding, analyzing, and evaluating principles, procedures, techniques, and tools in the various areas of computer forensics. The course activities include five asynchronous online discussions (AODs) that are assessed for a total of 20% of the course grade.
Effective rubrics are essential to successful assessment of AODs and the effectiveness of the Assessment Presence element in the Online Learning Community Model. Effective rubrics provide clarification of cognitive performance expectations and indicators across different levels with measurable and fair criteria for evaluating learning objectives [2] , [23] , [28] . Rubrics for effective evaluation and improvement of students' participation and performance in AODs should include clear and measurable expectations, requirements, and protocols on the following aspects: 1) quantity (such as number, length, frequency, and information adequacy of postings); 2) quality (originality, contribution, reflection, development with evidence and examples, etc.); 3) relevance (relevant and focused on the topic and question); and 4) manner and accuracy (logical organization and accurate writing style) [23] , [26] , [29] . Table III -Table V below are the breakdowns of the rubric used for the three CSEC650 Cybersecurity technology classes for this study. The three tables include specific and measurable criteria, performance indicators, and specific points or point range for measuring three different levels of performance in each of the five AOD conference assignments for the CSEC650 class during each semester. 2) Thoroughly developed with in-depth details and example(s).
3) Excellent integration of the minimum source(s) required. 
9-10 points:
Writing is accurate in diction, spelling, punctuation, grammar, and sentence structure. Writing style is clear, logical, and coherent.
APA Format (overall)
(0-10 points)
9-10 points:
Accurate use of APA format in in-text citations and reference list. 2) Adequately developed with details and example(s).
3) Acceptable integration of minimum source(s) required. The three levels of performance categorized by the rubric are: 1) performance exceeding expectations, 2) performance meeting expectations, and 3) performance below expectations. The grading criteria measure various aspects of student postings, including the areas of quantity, quality, original thinking, focus, development, use of research sources, and accuracy in writing, which are closely related to the learning outcomes of the course. The total numeric points used for assessing each AOD assignment range from 0 to 100. These grading criteria and indicators, along with additional requirements, definitions, and participation guidelines for the rubric, reflect the characteristics of an effective rubric for AODs as described above. 
0-7 points:
The number of errors in diction, spelling, punctuation, grammar, and sentence structure is unacceptable by graduate standard. Or writing style is mostly unclear and incoherent.
APA Format (overall)
0-7 points:
Unacceptable number of errors in APA format in-text citations and reference list.
In addition to the three tables of grading criteria and performance indicators above, the AOD rubric for this study includes additional requirements and definitions posted in Table VI below. 3. Each posting must be at least 130 words long to receive any credit. Only the first two initial postings and the first two response postings meeting the 130-word requirement will be graded.
4. Each of the four graded postings must include at least two references -one internal (course readings, course modules, webliography) and one external (other authoritative sources beyond our course material). Note: Generally, no wiki or blog references are allowed, and any exception is up to the instructor's approval.
Definitions
Initial Posting: Student's original answer to any of the required topics for the conference.
Response to Others:
It is a student's response to others' postings, which should contribute new idea(s), knowledge, resources, or question(s) and food for thought. The response should be in the same thread as the original answer and should include the original author's name.
APA Format: Any use of a source automatically entails in-text citations and a reference list in APA format.
The AOD performance criteria and indicators in Tables III,  IV , and V and the additional requirements and definitions in Table VI above make up the complete rubric used for each AOD conference assignment for the three classes in this study. The rubric sets and communicates clear, specific, and measurable expectations on the quantity (number, length, frequency, adequacy), quality (originality, contribution of knowledge, reflection, use of quality research sources, and development with details and examples), relevance (focus on the topic and question), manner and accuracy (logical organization and accurate writing and documentation style) [29] . The rubric also includes expectations for analysis and evaluation of others' postings and research sources and values critical thinking skills (such as asking questions for thought), which are consistent with the learning outcomes for elements of the Cognitive Presence and Teaching Presence in this graduate level online class.
The grade values assigned to the postings and response activities in the rubric signal and motivate students toward active and collaborative discussions and exchanges of knowledge and ideas, which is key to building professional relationships for Social Presence in the online community. As a supplemental guideline for all assignment rubrics in the course, the institutional Code of Civility and Code of Conduct are posted and announced to each class to guide all class activities as recommended by prior research [23] . These codes emphasize the values of professionalism and proper social and interpersonal behavior, such as respect, kindness, truthfulness, responsibility, cooperation, privacy, and non-discrimination. Tied in with the assessment rubric, these behavioral codes help maintain a positive, constructive, and comfortable Social Presence for the online learning community. The following section presents and discusses relevant data and findings for the study.
V. FINDINGS AND DISCUSSIONS

A. Student Assessment Results in AODs
The rubric for AODs in the CSEC650 classes measures student performance in each of the five AOD conference assignments (CAs) during the semester. Each CA assignment is graded on a numeric scale of 0-100 points and given the weight of 4% in the course grade. The student assessment results are direct indicators of student learning and reflect on the effectiveness of the Cognitive Presence, Teaching Presence, and other elements of the online learning community. Table VII below summarizes the student average grade achievements in AOD conference assignments (CAs) in the three semesters for this study. Column N represents the size of each class. The student assessment results on the CA assignments indicate overall student success in learning through AODs during each of the three semesters. The class average grades for the AOD assignments are all above 80% (meeting performance expectations) out of the 100 point total, which is successful and good performance for the graduate level class. 40% (6 out of the 15) of the average grades are above 90% (exceeding performance expectations), which is excellent and superior performance and achievement. The student grades are based on the instructor's detailed evaluation of the required postings following the posted rubric discussed above. Each CA assignment includes questions involving important cognitive skills of analyzing, critiquing, and evaluating with critical thinking. The successful assessment results for the students indicate an effective and constructive online learning environment of which the presence of the assessment rubric is a key component.
B. Student Participation in Online Learning Community
The assessment rubric is designed to motivate students toward active, cooperative, and professional participation and knowledge exchange in the online community. The summary data in Table VIII below present the average quantity of online participation (number, frequency, length) in the five AOD conference assignments (CAs) for each semester. The data represent the percentage of students who have met the quantity requirements in the rubric: 2 initial plus 2 response posts, all posts on schedule, and minimum length per post. These quantity parameters of student participation reflect the extent of the motivational effect of the assessment rubric. Column N represents the size of each class. The average percentages in the participation quantity aspects in Table VIII show very high level of student participation and motivation in online discussions. These numbers suggest effectiveness of the assessment rubric in motivating students toward participation in the online community and their strong efforts in meeting the assessment requirements. Since the student postings are evaluated individually, the collaboration is reflected in the strong student performance in their cooperative responses to other students' postings. In addition, the instructor observations of the student postings in these classes indicate that all the postings involve serious reflection and appropriate control of tone and verbal behavior with no violation of the code of civility or code of conduct, which is the best outcome for assessment. The consistent student reflection and behavioral control in the postings are characteristics of an effective and constructive online learning community where students feel the obligation to think more deeply and respond more carefully in writing [30] .
C. Student Perceptions on Online Learning Community
Study of students' perceptions on online learning is found to be valuable to the improvement of online programs and courses that will benefit student learning, and factors like comfort, interactions, and assessment feedback are important to student perceptions [31] , [32] .
Table IX below presents the results of students' evaluation and perceptions on the instructor and the online class environment for the three classes for this study. The student perceptions and evaluation categories are: Fair Grading, Helpful Feedback, Student Interaction, and Instructor Overall. The score range for each category is 0-5. Column N represents the size of each class. Table IX shows very positive student perceptions and high ratings on the value of interaction with other students (largely through AODs), on the assessment (including grading and feedback), and on the instructor overall. High student perceptions of social presence are found to be positively correlated to their high perceptions on online learning and high satisfaction with the instructor, and students' perceptions of social presence contribute significantly to their perceived learning [33] . Students' high perceptions on the social presence factors like student interactions and their high ratings on the instructor (teaching presence) and assessment presence (fair grading and helpful feedback) jointly indicate an effective, positive, cooperative, and constructive online learning community to the students.
VI. CONCLUSION AND SUGGESTIONS
This study emphasizes the role of assessment in improving online learning environment for asynchronous online discussions (AODs) and proposes a new Online Learning Community Model adapted from the Community of Inquiry Model. The new model adds the Assessment Presence as a new element that interacts with and affects student learning and the elements of Cognitive Presence, Social Presence, and Teaching Presence. The study presents a relevant assessment rubric and data and observations on AOD assignments from three graduate level online classes. The data reveal students' achievement results, participation quantity, and perceptions and evaluations on some important factors of the online class community. The data and instructor observations suggest that effective assessment presence can help promote a positive and constructive online learning community for AODs.
An important implication for this study is that online classes with asynchronous online discussions (AODs) should recognize and value assessment factors (such as effective rubrics, fair grading, and helpful feedback) in promoting constructive online learning for students.
There are two areas that could be improved in future follow-up studies. There could be an extended and more in-depth theoretical formulation of the proposed Online Learning Community Model with more detailed hypotheses on the relationship between Assessment Presence, online learning, and other elements. In addition, the statistical data analysis can focus on more specific content analysis of student postings and examine the assessment rubric or instructor feedback for AOD assignments and its effect on or correlation with student performance improvement in the quality of their postings for AODs.
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